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® Spirolactam derivatives. 

© These are described spirolactam derivatives of formulae (la) and (lb) 
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wherein 

R represents a hydrog n atom or a conventional nitrogen protecting group; 

R 1 represents a hydrogen atom or a conventional carboxyl protecting group or activating group; 

R 2 represents the side chain of any naturally occurring amino acid; 

m represents 1 or 2; 

n representss 1 or 2; 

the configuration at * may be (R) or (S) or a mixture thereof; with the proviso that when R represents the 
nitrogen protecting group R 3 -CO(0)- (where R 3 represents (CH 3 ) 3 C-), the group -CC^R* represents the 
protected carboxy group -COaCHa, m is 1 and n is 1 in the compounds of formula (lb); R 2 may not 
represent an arylmethyl group; 
and solvates or acid addition salts thereof. 

These derivatives are of value in the preparation of spirolactam compounds which, depending on their 
stereochemistry, are either antagonists or agonists of substance P, and as such have a variety of therapeutic 
properties. 



EP 0 360 390 A1 



Ch mical Compounds 



This invention relates to spirolactam derivatives, to processes for their preparation and to their use in 
the preparation of therapeutically useful peptides. 

Substance P is an endogenous undecapeptide amide and a putative neurotransmitter/neuromodulator of 
mammalian central nervous systems having the following structural formula : 

HArg-Pro-Lys-Pro-Gln-Gln-Ptie-Fhe-Gly-Leu-Kfet.NH 2 
1 23456789 10 11 



Analogues of substance P, or its C-terminal fragments, containing multiple O-amino acid substrtuents, 
principally in positions 7, 9 and 10, have been described in the literature. Such compounds are claimed to 
antagonise the effects of substance P and related peptides acting at neurokinin receptors in vitro and in 
vivo . 

Antagonists of substance P have been reported to be useful as analgesics and anti-inflammatories. 
Such compounds may also be of use as anti-psoriatics, anti-psychotics, anti-asthmatics and anti-diarrhoeals. 

We have found that the introduction of a novel spirolactam unit into the peptide chain of substance P 
and its analogues produces compounds which, depending on their sterochemistry, are either antagonists or 
agonists of substance P. The antagonists of substance P have a particularly advantageous profile of activity 
in that they are highly potent and selective at certain specific neurokinin receptors. The agonists of 
substance P have substance P like activity but have relative selectivity for certain specific neurokinin 
receptors. 

Thus, according to one aspect of the present invention, we provide the spirolactam derivatives of 
formulae (la) and (lb) 





wherein 

R represents a hydrogen atom or a conventional nitrogen protecting group; 
R 1 represents a hydrogen atom or a conventional carboxyl protecting group or activating group; 
R 2 represents the side chain of any naturally occurring amino acid; m represents 1 or 2; 
n represents 1 or 2; 

th configuration at * may be (R) or (S) or a mixtur thereof; with the proviso that when R repr sents the 
nitrogen protecting group R 3 -CO(0)- (where R 3 represents (CH 3 )3C-), th group -C0 2 R 1 represents th 
protect d carboxy group -C0 2 CH 3 , m is 1 and n is 1 in th compounds of formula (lb); R 2 may not 
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represent an arylm thyl group; 
and salts and solvates thereof. 

In one aspect the invention provides compounds of formulae (la) and (lb) In which R 2 and n and m are 
as defined in formula (la) and (lb) and R and R 1 are hydrogen atoms or more particularly protecting groups. 

In the general formulae (la) and (lb), when R represents a nitrogen protecting group this may be for 
example a nitrogen protecting group useful in conventional peptide synthesis as an acyl group, for example 
an acetyl group or an optionally substituted acetyl group (e.g. trifluoroacetyl) or the group R 3 -OC(0)- 
(wherein R 3 represents for example CIsCCHb-, (CHaJaO, 

CI 

^ J 

C 6 H S CH 2 -, C] — • f—^l' and ^2— 

• • • • • 

// \ / \ / w 
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\\ / \ // 
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In the general formulae (la) and (lb), R 1 may represent a carboxyl protecting group which may be for 
example a carboxyl protecting group useful in conventional peptide synthesis for example the group -CO2R 1 
may represent an alky I or aryl ester in which case R 1 may represent a methyl, ethyl, tertbutyl, methox- 
ymethyl, benzyl, diphenylmethyl, triphenylmethyl or a p-nitrobenzyl group. 

In the general formulae (la) and (lb) R 1 may represent a carboxyl activating group which may be for 
example a carboxyl activating group useful in conventional peptide synthesis for example the group -CO2R 1 
may represent an N-hydroxybenzotriazole or pentafluorophenyl ester. 

A preferred group of compounds are those of formulae (la) and (lb) where n and m are 1 . 

Also preferred are the compounds of formulae (la) and (lb) wherein the group R 2 is -CH 2 -CH(CH3)2- 

It will be appreciated that the compounds of formulae (la) and (lb) according to the present invention 
may have an (R) or (S) configuration (or a mixture thereof) at the asymmetric centre marked with an 
asterisk. 

Compounds of general formulae (la) and (lb) and salts and solvates thereof may be prepared by the 
general methods outlined hereinafter. In the following description the groups R, R 1 and R 2 , n and m are as 
defined for the compounds of general formulae (la) and (lb) unless otherwise stated. 

According to a first general process (A) compounds of formulae (la) and (lb) may be prepared by 
cyclisation of a compound of formula (II) 



R 2 
I 

A . 

.(CH 2 ) NH CO^ 1 

I 1/ * n 

R-N • 



or a protected derivative thereof where R* represents a hydrogen atom or Ci alkyl group, optionally in 
the presence of a cyclisation reagent followed where necessary by deprotection. 

Thus, when R* is hydrogen or an unbranched Ci alkyl group, cyclisation may take place spontane- 
ously, conveniently in a suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or an 
alcohol (e.g. methanol) at a temperature in the range of 0-100* C. 

When R* represents a hydrogen atom cyclisation may conveniently take place in the presence of a 
suitable cyclisation r agent such as a carbodiimide (e.g. dicycloh xylcarbodiimide or 1 -ethy l-3-(3- 
dimethylaminopropyl)carbodiimide) in a suitabl solvent such as a halogenated hydrocarbon (e.g. dich- 
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lorom thane), an ester (e.g. ethyl acetate) or an ether (e.g. t trahydrofuran) at a temperature in the range of 
0-30* C( .g. 20-25* C). 

When R 4 represents a hydrogen atom or a Ci-4 alkyl group cyclisation may be effected by bas 
catalysis using a tertiary organic base (e.g. triethylamine) at a temperature ranging from ambient to the 
5 reflux temperature of the reaction mixture. 

Alternatively when R* represents a hydrogen atom or an unbranched Ci alkyl group cyclisation may 
take place in the presence of an acidic buffer (e.g. an acetate buffer) for example at a pH between 3 and 5, 
optionally in the presence of a suitable solvent such as an alcohol (e.g. methanol) at a temperature ranging 
from ambient to the reflux temperature of the solvent. 
70 Compounds of general formula (II) may be obtained by reduction of the imines of formula (III) 
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or a protected derivative thereof where R* is hydrogen, or a group convertible thereto (e.g. a benzyl group) 
or a Ci alkyl group followed where necessary by deprotection. 

Suitable reducing agents include alkali metal hydrides such as sodium borohydride or sodium 
cyanoborohydride. The reduction conveniently takes place in a suitable solvent such as an alcohol (e.g. 
methanol or ethanol) or a mixture of an alcohol and an ether (e.g. tetrahydrofuran) at a temperature in the 

range of 0-30* C (e.g. 20-25* C). 

Alternatively, compounds of formula (III) may be reduced by catalytic hydrogenation using a metal 
catalyst such as palladium-on-carbon in the presence of a suitable solvent such as an alcohol (e.g. 
methanol or ethanol) or an ester (e.g. ethyl acetate). 

Compounds of formula (III) where n is 1, R is a protecting group and R* is hydrogen may be obtained 
by condensation of a compound of formula (IV) 

35 ,(CH 2 ) OH 

I 1/ V (iv) 

R-N 0 

I 

40 O 

where R is a protecting group with a compound of formula (V) 

^2 



R2-CH-C0J* 1 (V) 
* * 

where Ri is a protecting group (e.g. C t -*alkyl) and the configuration at " is as defined above followed 
50 where necessary by deprotection. 

Condensation conveniently takes place in the presence of a suitable solvent such as an alcohol (e.g. 
methanol or ethanol) or an ether (e.g. tetrahydrofuran) or a mixture thereof at a temperature in the range of 
0-30* C (e.g. 20-25 *C). 

Alternatively, compounds of formula (III) where R is a protecting group and R* is a Ci -*alkyl or benzyl 
55 group may be prepared by condensation of the compounds of formula (V) with the aldehydes of formula 
(VI) 
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r - m \ 

C0 2 R* 

where R is a protecting group and R* is a Ci -*alkyl or benzyl group, conveniently in the presence of a 
70 suitable solvent such as an ether (e.g. tetrahydrofuran) at a temperature in the range of 0-30 *C (e.g. 20- 
25 °C), followed where necessary by deprotection. 

Compounds of formula (IV) may be obtained as a result of spontaneous cyclisation of the compounds of 
formula (VI) where R* is hydrogen optionally in the presence of a suitable solvent. 

Compounds of formula (VI) where R 4 is hydrogen or a Ct-4alkyl or benzyl group may be obtained by 
rs ozonolysis of the alkenes of formula (VII) 
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25 where R is a protecting group and R* is hydrogen or a Ci -*alkyl or benzyl group, by treating compounds 
of formula (VII) with ozone conveniently in a suitable solvent such as a chlorinated hydrocarbon (e.g. 
dichloromethane) at a temperature in the range of -70 to -30 *C followed by decomposition of the 
intermediate ozonide thus formed. 

Decomposition of the intermediate ozonide may be effected using a suitable reducing agent such as 
30 zinc in acetic acid, trimethyl phosphite, triphenyl phosphine or catalytic hydrogenation. 

Alternatively, compounds of formula (VI) where R 4 is a Ci-^alkyl or benzyl group and n is 2 may be 
obtained from compounds of formula (VII) where R* is a Ct-*alkyl or benzyl group and n is 1 by 
hydroboration/oxidation followed by further oxidation of the alcohol thus formed. 

Hydroboration may be effected using a monoalkylborane (e.g. thexyiborane) or a diaikylborane (e.g. 
35 disiamylborane) conveniently in a solvent such as an ether (e.g. tetrahydrofuran) at a temperature in the 
range of -20 to + 30* C (e.g. 0* C). 

Oxidation of the thus formed aikylborane may be effected using hydrogen peroxide and sodium 
hydroxide at a temperature in the range of 0 - + 30 * C. 

Oxidation of the thus formed alcohol may be effected using a suitable oxidising agent such as 
40 pyridinium chlorochromate or pyridine dichromate in the presence of a suitable solvent such as an ether 
(e.g. tetrahydrofuran) or using an acid anhydride or acid chloride (e.g. oxalyl chloride) in the presence of a 
sulphoxide (e.g. dimethylsulphoxide). 

Alternatively, the compounds of formula (VI) may be obtained by hydroboration of the compounds of 
formula (VII) followed by direct oxidation of the thus formed alkylboranes to the aldehydes using pyridinium 
45 chlorochromate or pyridine dichromate as described above. 

The alkenes of formula (VII) where R is a protecting group and R 4 is a Ci-*alkyl or benzyl group may 
be obtained by treating the compounds of formula (VIII) 

so .(CH 2 ) 

I |/ (VIII) 

R-N • 

COoR 1 * 

55 * • 



where R is a protecting group and R 4 is a Chalky! or benzyl group, with a base such as n-butyl lithium 
conveniently in a solvent or mixture of solvents such as an ether ( .g. tetrahydrofuran) and hexamethyl- 
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disilazane at a temperature in the range of -80 to -30* C, followed by treatment with a compound of formula 

(IX) 

L-(CH 2 ) n -CH = CH 2 (IX) 

where L is a readily displaceable atom or group optionally in a suitable solvent (e.g. tetrahydrofuran) at a 



Suitable compounds of formula (IX) include those wherein L represents for example a halogen atom 
(e.g. chlorine, bromine or iodine), an acyloxy group or a sutphonyloxy group. 

Compounds of formula (VII) where R is a protecting group, R 4 is hydrogen and m is 1 may be obtained 
on hydrolysis of the oxadoladinones of formula (X) 



followed by protection of the amino group. 

Hydrolysis is conveniently carried out in a suitable solvent such as an aqeuous alcohol (e.g methanol) in 
the presence of silica gel at a temperature in the range of 0-30* C (e.g 20-25* C). 

Compounds of formula (IX) and (X) are either known compounds or may be prepared using methods 
analogous to those used for the preparation of known compounds. For example compounds of formula (X) 
may be prepared by the method of D. Seebach et. ah, J. Amer. Chem. Soc , 1983, 105, 5390. 

The compounds of formulae (la) and (lb) have at least two centres of asymmetry, namely the spiro- 
carbon and the carbon marked with an asterisk. It will be appreciated that when process A utilizes the 
compound of formula (X), compounds of formula (la) will be obtained. When process A does not utilize the 
compound of formula (X) compounds of formulae (la) and (lb) will be obtained either as a mixture of two 
pairs of enantiomers (I.e. if the amino acid of formula (V) is a mixture of (R) and (S) isomers) or as a mixture 
of two diastereoisomers (i.e. if a single isomer of the amino acid of formula (V) is used). 

Thus, in order to obtain compounds of either formula (la) or (lb), the stereoisomers according to 
process A may be separated at any convenient point in the reaction scheme by conventional methods (see 
for example "Stereochemistry of Carbon Compounds" by E. L. Eliel (McGraw Hill 1962)). For example 
fractional crystallisation or chromatography may be used. 

According to another general process (B), a compound of formula (la) or (lb) may be converted into 
another compound of formula (la) or (lb) using conventional techniques. Such conventional techniques 
include protection and deprotection for example as described in 'Protective Groups in Organic Synthesis' 
by Theodora W. Green (John Wiley and Sons, 1981). 

Thus, compounds of formula (la) or (lb) where R and/or R 1 is/are hydrogen atom(s) may be prepared by 
deprotection of compounds of formula (la) or (lb) where R and/or R 1 is/are protecting groups. 

Suitable amine protecting groups for example are those included in the definition of R in formulae (la) 
and (lb) above. 

Suitable carboxyl protecting groups for example are those included in the definition of R 1 in formulae 
(la) and (lb) above. 

Thus, N-benzyloxycarbonyl and N-2,4-dichlorobenzyioxycarbony! groups may be removed by 
hydrogenolysis in the presence of a metal catalyst (e.g. palladium-on-carbon) conveniently in a solvent such 
as an alcohol (e.g. methanol) or an ester (e.g. ethyl acetate). Alternatively, N-benzyloxycarbonyl groups may 
be removed under conditions of acid hydrolysis e.g. using hydrogen bromide in acetic acid. N-t- 
butoxycarbonyl groups may be removed under conditions of acidic hydrolysis (e.g. hydrochloric acid in 
acetic acid or dioxan or trHluoroacetic acid with or without a solvent). 9-fluorenylmethyloxcarbonyl groups 
may be removed in the presence of a base such as an amine (e.g. ammonia, piperidine, morpholine or 
ethanolamine) optionally in the presence of a solvent such as an amide (e.g. dimethylformamide). 

Acetyl protecting groups may be removed under conditions of acidic ( .g. hydrochloric acid) and basic 
(e.g. potassium hydroxide or ammonia/methanol solution) hydrolysis. 

Unbranched alkyl (e.g. methyl) ester groups may be removed under conditions of basic hydrolysis for 
example using sodium hydroxid in methanol. Tertbutyl and diphenylmethyl ester groups may be removed 



temperature in the range of -80 to -30* C. 
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10 



25 



30 



35 



under conditions of moderate acidic hydrolysis for example using formic or trifluoroacetic acid at room 
temperature. Benzyl, dipheny I methyl and nitrobenzyl ester groups may be removed by hydrogenolysis in 
the presence of a m tal catalyst (e.g. palladium). 

Compounds of formulae (la) and (lb) may be used to prepare peptide analogu s which are either 
antagonists or agonists of substance P. For example compounds of formula (la) may be used to prepare 
antagonists of substance P. Thus, as an illustration to a further aspect of the present invention, compounds 
of general formula (XI) are provided 

R 5 -N m. N-CH-COR 6 (XI) 




J5 II 

0 



wherein 

R 2 , n and m are as defined in formula (la) above; 
20 the configuration at * is as defined in formula (la) above; 

R 5 represents a peptide chain, optionally protected at the N-terminal residue, consisting of 2 to 8 amino 

acid units chosen from L-phenylalanine, D-phenylalanine, L-proline, L-glutamine, L-arginine, L-lysine, L- 

threonine, L-histidine, L-asparagine, L-methionine, D-methionine, L-alanine, L-serine, L-tyrosine, L- 
pyroglutamic acid, L-aspartic acid, 



<jn 2 -0 m{) 

NH 2 -CHC0 2 H, NH 2 -(CH 2 ) if C0 2 H, or NHjCHCO^; 

R 6 represents an amino acid amide chosen from L-methionyl, D-methionyl, L-phenylalanyl or L-tryptophyl 
amides, optionally substituted on the amide nitrogen by the group -CH2CH2NH2; or the groups 

«j H 2-0 <j H 2 CH 2-Q ^ f 

-NH-CH-C0NH 2 , -NH-CH-C0NH 2 , ^H^HCHCH£QNH 2 ; 



or R 6 represents the group 
45 2 



Such compounds are highly potent antagonists to substance P and exhibit a selectivity of action 
towards NKi (neurokinin) receptors vs NK2 receptors. 

Compounds of formula (XI) have been shown to be antagonists of substance P both in vitro and in vivo . 

Substance P agonist and antagonist activity at NK-1 receptors was determined in vitro using guinea-pig 
ileum longitudinal muscle by measuring the isotonic contractile effect of the test compound either against 
substance P methyl ester (in the case of antagonists) or against the known antagonists atropine, 
mepyramine, methysergide and indomethacin (in the case of agonists) for example according to methods 
described by J. R. Brown, C. C. Jordan, P. Ward and A. R. Whittington in "Tachykinin Antagonists" Ed. R. 
Hakanson and F. Sundler, (Elsevier Science Publishers B. V., 1985). 

Substanc P agonist and antagonist activity at NK-2 receptors was det rmined from in vitro contractile 
responses of rat colon muscularis mucosae in the presence of the above antagonists or neurokinin A as 
appropriate. 
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In vivo substance P antagonist activity was demonstrated in the mouse using the reciprocal hind-limb 
scratching' response test as described by J. K L. Hytden and G. L Wilcox in Brain Research , 217 , (1981), 
212-215. Intrathecal administration of substance P, or relat d compounds such as its Oterminal methyl 
ester, at the L5-L6 level of the spinal cord in conscious mice produces a characteristic scratching and biting 
5 response. Co-administration of the test compounds (intrathecally) inhibited scratching induced by substanc 
P methylester. 

Compounds of formula (XI) may therefore be of use as analgesics. They are also potentially useful for 
the treatment of diseases such as psoriasis, inflammatory and allergic disorders - especially of the eye and 
skin, diarrhoea and diseases associated with reversible airways obstruction such as asthma and chronic 
10 bronchitis. Compounds of formula (XI) may also be of use in the treatment of CNS disorders such as 
psychosis. 

According to a further aspect of the invention we provide a compound of formula (XI) or a physiologi- 
cally acceptable salt thereof for use in the treatment of the aforementioned diseases. 

According to another aspect of the invention we provide the use of a compound of formula (XI) or a 
75 physiologically acceptable salt thereof for the manufacture of a therapeutic agent for the treatment of the 
aforementioned diseases. 

According to a further aspect of the invention we provide a method of treating the aforementioned 
diseases which method comprises administering an effective amount of a compound of formula (XI) or a 
physiologically acceptable salt thereof to the patient. 

20 It will be appreciated that the compounds of formula (XI) may advantageously be used in conjunction 
with one o; more other therapeutic agents, such as for example antibiotic or antifungal agents. It is to be 
understood that the present invention covers the use of a compound of formula (XI) or a physiologically 
acceptable salt thereof in combination with one or more other therapeutic agents. 

The compounds of the invention may be formulated in any convenient manner with one or more 

25 pharmaceutical carriers. Thus, a further aspect of the invention includes pharmaceutical compositions 
comprising a compound of formula (XI) or a physiologically acceptable salt thereof formulated for oral, 
buccal, transdermal, parenteral, implant, topical (including ophthalmic and nasal), or rectal administration or 
in a form suitable for administration by inhalation or insufflation. 

For oral administration the pharmaceutical composition may take the form of for example tablets which 

30 may be coated by methods well known in the art. 

For parenteral administration the compounds of formula (XI) may be given as a bolus injection or by 
continuous infusion (e.g. via intravenous, intravascular, subcutaneous or intrathecal routes). The composi- 
tions may take such forms as suspensions, solutions or emulsions in oily or aqueous vehicles and may 
contain formulatory agents such as suspending, stabilising and/or dispersing agents. For administration by 

os injection these may take the form of a unit dose presentation or as a multidose presentation preferably with 
an added preservative. 

Alternatively for parenteral administration the active ingredient may be in powder form for reconstitution 
with a suitable vehicle. 

The compounds of formula (XI) may be formulated as ointments and creams for transdermal admin- 
40 istration and as suppositories or retention enemas for rectal administration. 

For buccal administration the composition may take the form of tablets or lozenges formulated in 
conventional manner. 

For administration by inhalation the compounds according to the invention are conveniently delivered in 

the form of an aerosol spray presentation from pressurised packs with the use of a suitable propellant. e.g. 
45 dichiorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable 

gas, or from a nebuliser. In the case of a pressurised aerosol the dosage unit may be determined by 

providing a valve to deliver a metered amount. 

Alternatively, for administration by inhalation the compounds of formula (XI) may take the form of a dry 

powder composition, for example a powder mix of the compound and a suitable powder base such as 
so lactose or starch. The powder composition may be presented in unit dosage form in, for example, capsules 

or cartridges of e.g. gelatin, or blister packs from which the powder may be administered with the aid of an 

inhaler or insufflator. 

The compound of formula (XI) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation (for example subcutaneously or intramuscularly) or by 
55 intramuscular injection. Thus, for example, the compounds of the invention may be formulated with suitable 
polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 

The compounds of formula (XI) may be formulated for topical administration in the form of ointments, 
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creams, gels, lotions, p ssaries, aerosols or drops ( .g. eye, ear or nose drops). Ointments and creams 
may, for example, be formulated with an aqueous or oily base with th addition of suitable thickening and/or 
gelling agents. Ointments for administration to the eye may be manufactured in a sterile manner using 
sterilised components. 

5 Lotions may be formulated with an aqueous or oily base and will in general also contain one or more 
emulsifying agents, stabilising agents, dispersing agents, suspending agents, thickening agents, or colour- 
ing agents. Drops may be formulated with an aqueous or non aqueous base also comprising one or more 
dispersing agents, stabilising agents, solubiiising agents or suspending agents. They may also contain a 
preservative. 

w A proposed daily dosage of active compound for the treatment of man is 0.01 mg/kg to 10 mg/kg t 
which may be conveniently administered in 1 to 4 doses. The precise dose employed will depend on the 
age and condition of the patient and on the route of administration. Thus a suitable dose for systemic 
administration is 0.1 mg/kg is 10 mg/kg and for intrathecal administration 0.01 mg/kg to 1 mg/kg. 

According to another aspect of the invention we provide a process (C) for the preparation of the peptide 

/5 analogues of formula (XI). In the following description R to R 6 , n and m are as defined in formulae (la) and 
(XI) above. 

Thus, the compounds of formula (XI) may be prepared by reacting a compound of formula (XII) 




(wherein R 1 represents a carboxy! activating group and R 5 is a protected peptide chain as defined in 
formula (XI) above) with an amino compound of formula (XIII) 
H-R 6 (XIII) 

according to conventional methods of peptide synthesis. 

Compounds of formula (XII) where R 1 is carboxyl activating group may be prepared from the 
corresponding compounds of formula (XII) where R 1 is a hydrogen atom by methods capable of effecting 
the conversion. This reaction may optionally be carried out in situ. 

Thus, for example a compound of formula (XII) where R 1 is a hydrogen atom may be activated in situ to 
a compound of formula (XII) where R 1 is a carboxyl activating group by reaction with an N-hydroxy 
compound such as N-hydroxyben20triazole in the presence of a condensing agent such as a carbodiimide 
(e.g. dicyclohexylcarbodiimide) in a solvent such as an amide (e.g. dimethylformamide) at a temperature in 
the range of 0-30* C. 

Compounds of formula (XII) where R 1 is a carboxyl activating group may be reacted with compounds of 
formula (XIII) optionally in a solvent such as an amide (e.g. dimethylformamide) at a temperature range of 0- 
30' C. 

Compounds of formula (XII) wherein R 1 is a hydrogen atom may be prepared from compounds of 
formula (XII) where R 1 is a carboxyl protecting group by conventional deprotection methods as used in 
peptide synthesis, for example those methods described in process (B) hereinbefore. 

Compounds of formula (XII) where R 1 is a carboxyl protecting group may be prepared by reaction of a 
compound of formula (la) (where R is a hydrogen atom and R 1 is a carboxyl protecting group) with an N- 
protected, carboxyl activated amino acid or peptide of formula (XIV) 
R s O-R 7 (XIV) 

where R 5 is a protected amino acid or peptide as defined above and R 7 is any carboxyl activating group 
useful in conventional peptide synthesis for example a pentafluorophenyl group. 

The reaction conveniently takes place in a solvent such as an amide (e.g. dimethylformamide) at a 
temperature in the range of *10 to + 30*0. 

Subsequent elongation of th peptide chain R s may be effected by further N-deprotection and coupling 
steps with compounds of formula (XIV) using methods of conventional peptide sVnthesis. 

Deprotection of amino groups may be effected using the methods described in process (B) herein* 
before. 

Alternatively the compounds of formula (XI) may be prepared by methods of conventional solid phase 



10 



EP 0 360 390 A1 



10 



15 



20 



25 



peptide synthesis, for example those methods describ d in "Solid Phase Peptide Synthesis" by J. M. 
Stewart and J. D. Young (Pierce Chemical Co., Rockford IL, 1984). 

Thus, compounds of formula (XI) wher R 5 is an optionally protected p ptide chain and R 6 represents 
an amino acid amide residu as d fined previously may be prepared by cleavage of a compound of 
formula (XV) 

/ CH 2> mX 

R5-N if,, N—CH-CO-NH^H-COjCH^ £0-Nle-P 

U R 2 R a » — ~ » 



0 



(XV) 



where R 5 is an optionally protected peptide chain, R 8 represents a methionyl, phenylalanyl or tryptophyl 
side chain or R 8 represents a 



/ \ / \ 

• or CH-CH-— • 
\ / 2 ^ \ / 



group, Nle represents norleucine and P is an amino-functionalised polymeric solid support useful in solid 
phase synthesis. 

Cleavage may be effected using for example liquid ammonia, or a solution of ammonia in methanol. 
Compounds of formula (XV) where R 5 is an optionally protected peptide chain may be prepared from 
30 compounds of formula (XV) where R 5 is hydrogen by the sequential coupling of carboxyl activated N- 
protected amino acids of formula (XIV) and deprotection cycles of conventional solid phase synthesis (for 
example as described by Atherton et ai., J. C. S. Perkin t, p. 538, 1981). 

Compounds of formula (XV) where R s is hydrogen may be prepared by reacting compounds of formula 
(la) where R is a protecting group (e.g. a t-butyloxycarbonyl or 9-fluoreny!methyloxycarbonyl group) and R 1 
35 is a carboxyl activating group (for example a pentafluorophenyl group) with a compound of formula (XVI) 



*_ 



40 R 8 



H 2 N-<jH-C0 2 -CH 2 _*^ \_C0-Nle-P 



(XVI) 



(where R 8 , Nle and P are as defined above) followed by deprotection as described for process (B) 
4 5 hereinbefore. 

Compounds of formula (XVI) may be prepared from a suitable polymer support such as cross-linked 
polystyrene or polydimethylacrylamide resin according to established methods of solid phase synthesis. 

It will be appreciated that it may be necessary to protect side-chain functions of certain amino acids 
during the synthesis of the compounds of the invention, for example aspartic acid side chains may be 
so protected by, for example, benzyl or t-butyl ester groups and histidine side chains may be protected by, for 
example, t-butyloxycarbonyl or dinitrophenyl groups. 

The following Preparations and Examples are included by way of illustrating the invention. All 
temperatures are in # C. 'Dried 1 refers to drying using magnesium sulphate or sodium sulphate. Column 
chromatography (CC) was carried out on silica (Merck 7734) using one of the following solvent systems: 
55 System A - chloroform:methanol: acetic acid; System B - hexane:ethyi acetate; System C - chloroform: 
methanol; System D - toluene:ethyl acetate; System E - diethyl ether: hexane; System F - ethyl 
acetate:petroleum ether (b.p. 60-80 *C); System G - 0.1% TFA in water; System H - 0.1% TFA in 
(ac tonitrile:water (9:1)). The following abbr viations are used : DCC - dicyclohexylcarbodiimide; DEA - N,N- 
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diisopropylethylamine; DHBT - 3,4-dihydro-3-hydroxy-4-oxo-1,2.3-benzotriazine; DMF -dimethylformamide; 
Fmoc - N-fluoroenylmethoxycarbonyl; TFA -trifluoroacetic acid; THF - tetrahydrofuran. High pressure liquid 
chromatography (h.p.l.c) was carri d out on TSK ODS-120T. 

5 

Intermediate 1 

(2S)-2-propenylproline hydrochloride 

3-(1 t 1-Dimethylethyl)-5,6,7,7a-tetrahydro-7a-(2-propenylH3S-cis)-1 H,3H-pyrrolo[1 ,2-c]oxazol-1 -one 
/o (7.98g) was dissolved in a mixture of methanol (170ml) and water (40ml). Silica gel (20g) was added and 
the reaction was stirred for 24h at ambient temperature. The silica was removed by filtration, washed with 
methanol (100ml) and water (50ml) and the filtrate and washes were combined, then evaporated to leave an 
oil which was taken up in 1M HCI (100ml). The solution was washed with CH2CI2 (4 x 50ml) then 
evaporated to dryness. Residual water was removed by azeotropic evaporation with methanol to leave a 
75 brown solid (5g) which was dried in vacuo over P2OS, leached with boiling chloroform and crystallised from 
methanol to give the title compound (3.68g) m.p. 180-183*, [o] 0 + 50* (MeOH, C = 1%). 



Intermediate 2 

20 

(2S)-2-(2-propenyl)-1,2-pyrrolidinedicarboxylic acid, 1-phenylmethyl ester 

Intermediate 1 (3.58g) was dissolved in a solution of sodium bicarbonate (1.56g) in water (26ml). 
Acetone (26ml) and N-benzyloxycarbonylsuccinimide were added and the reaction was stirred for 70h. More 
N-benzyloxycarbonylsuccinimide (2.5g) was added followed by sodium bicarbonate (1.0g). After a further 
25 24h the acetone was removed by evaporation and the residue was washed with dichloromethane (2 x 50ml). 
The aqueous phase was brought to pH3 with cone. HCI solution and extracted with dichloromethane (3 x 
50ml). The extract was washed with water (75ml), dried and evaporated to leave an oil (3.54g) which was 
purified by CC eluting with System A (97:2:1) to give the title compound (2.25g) as a pale yellow oil, [a] D - 
6* (EtOAc c = 1%). 

30 

Intermediate 3 

2 t 3'Dihydro»5-hydroxy-(2'S)-2-oxospiro-[furan-3 t 2'-pyrrolidine]-1-carboxylic acid phenylmethyl ester 
35 A solution of Intermediate 2 (2.75g) in dichloromethane (30ml) was cooled to -78 and ozone enriched 
oxygen was passed through the solution for 2.5h. Dimethylsulphide (5ml) was added then triphenyl- 
phosphine (2.48g) and after 1h the solvent was removed in vacuo to leave an oil (5.78g). This was purified 
by CC eluting with System B (1:2) to give the title compound (1 .54g) as an oil. xw 3550, 3350, 1775, 1675. 

40 

Intermediate 4 

(2R,S)-2-propenyl-1,2-pyrrolidinedicarboxylic acid 1-phenylmethyl 2-(1,1-dimethyl)ethyl diester 

A 2.6M solution of n-butyl lithium in hexane (385ul) was added dropwise to a solution of hexamethyl- 

45 disilazane (218ul) in dry THF (1ml) stirred at -30* under N 2 . The mixture was stirred for 5 min before 
cooling to -70* when a solution of (2S)-1,2-pyrrolidinedicarboxylic acid. 1-phenylmethyl-2-(1,1-dimethyl)- 
ethyl diester (305mg) in dry THF (2ml) was added keeping the temperature below -65*. The mixture was 
stirred at -70* for 0.5h then 2-iodopropene (122ul) was added and after a further 1h the mixture was treated 
with 2M HCI solution (1ml). Diethyl ether (50ml) and water (50ml) were added and the aqueous phase was 

so separated and extracted with diethyl ether (50ml). The combined organic phase was washed with water, 
dried and evaporated to leave a brown oil (432mg) which was purified by CC eluting with System D (19:1) 
to give the title compound (121 mg) as an oil, (CHBr 3 )v max 1723, 1691, 1638, 1598, 1498, 845, 770. 



55 Intermediate 5 

(2R,S)-2-(2-oxa thyl)-1,2-pyrrolfdinedicarboxylic acid, 1-phenylmethyl 2-(1,1-dimethyl)ethyl diester. 

A solution of Int rmediat 4 (9.5g) in dichloromethane (100ml) was cooled to -70 and ozon enriched 
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oxygen passed through the solution. After 0.75h oxygen was passed through the solution to discharge the 
blue colouration. The solvent was removed in vacuo and the residue was redissolved in dichloromethane 
(100ml). Triphenylphosphine (7g) was added "and after 1h the mixture was evaporated to leave an oil which 
was purified by CC eluting with System E (1 : 1) to give the title compound (6.24g) (CHBr 3 ) ?max 1750, 
5 1680. 



Intermediate 6 

70 (2R,S)-2-[(1 S)-2-[1 -(methoxycarbony l)-3-methylbutylamino]ethyl]-1 ,2-pyrrolidinedicarboxylic acid 1- 
phenylmethyl 2-(l,1-dimethyl)ethyf diester. 

Leucine methyl ester hydrochloride (523mg) was treated with sodium bicarbonate (242mg) in water 
(10ml). The mixture was extracted with ethyl acetate (3 x 50ml) and the extract dried and evaporated to 
leave an oil (275mg). The oil was dissolved in dry THF (10m t) and the solution added to Intermediate 5 

75 (320mg). 5A molecular sieve (1.5g) was added and the mixture was left for 2h before adding sodium 
borohydride (60mg) in methanol (3ml). After a further 1h the reaction mixture was decanted from the sieve 
which was washed with diethyl ether (2 x 10ml) and the total organic phase combined, washed with water 
(50ml), dried and evaporated to leave an oil (440mg) which was purified by CC eluting with System E (1:1) 
to give the title compound (279mg) as an oil, (CHBr 3 ) iw1730, 1692, 1599, 1498, 845, 770. 

20 Similarly prepared:-,, 



Intermediate 7 

25 (2R.SH0 R.S)-2-(1 -(methoxycarbonyl)-3-methylbuty lamino]ethy l]-1 ,2- pyrrolidinedicarboxylic acid t- 
phenylmethyl 2-(1,1-dimethyl)ethyl diester (10.7g) from Intermediate 5 (17g), in dry THF (200ml), leucine 
methyl ester (17g) and 4A molecular sieve (27g) at room temperature for 1.75h then sodium borohydride 
(3g) in methanol (60ml). 

30 

Intermediate 8 

(2R)-2-[(1 S)-2-[1 -(methoxycarbonyl)>3-methylbutylamino]ethylh1 ,2-pyrrolidinedicarboxylic acid, 1; 
phenylmethyl ester. 

35 Intermediate 6 (L24g) was dissolved in TFA : H 2 0 (95:5) (40ml) and the solution was left at room 
temperature for 3h and the solvents were removed in vacuo to leave an oil. 2N hydrochloric acid solution 
(10ml) and methanol (40ml) were added and the resulting solution was evaporated to dryness. The acid 
treatment was repeated and the resulting oil was treated with diethyl ether (50ml) and evaporated to 
dryness. Two further evaporations with ether (50ml each) afforded the crude product as a froth (1.09g). The 

40 mixture was purified by CC eluting with System C (19:1) to give the title compound (0.33g) f [o] 0 + 21* 
(CHCb c = 0.82%). 



Intermediate 9 

45 

(2S) -2-[(1 S)-2-[1 -(methoxycarbonyl)-3-methy Ibutylamino] ethy I]- 1 ,2-pyrrolidinedicarboxylic acid, V- 
phenylmethyl ester. 

Further elution of the product of Intermediate 8 above afforded the title compound (0.25g) [«] D -20 
(CHCI 3 c = 0.86%). 
so Similarly prepared:- 



Intermediate 10 

55 (2S)-2-[(1 R)-2-[1-(methoxycarbonyl)-3>methylbutylamino]ethyl1-1 ,2-pyrrolidinedicarboxylic acid 1-phenyl- 
metnyTester and (2R)-2-[(1 S)-2-[1 -(methoxycarbonyl)-3>methylbutylamino]ethylI-1 ,2-pyrrolidinedicarboxylic 
acid 1-phenylm thyl ester (2.85g) as an enantiomeric mixture from Intermediate 7 (5.90g); 
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Intermediate 11 

(2S)-2-[(1S)-2-[1-(methoxycarbonyl)-3-methylbutylam^ acid 1 -phenyl- 

methyl ester and (2R)-2-[(1 R)-2-[1 -(methoxycarbonyl)-3-methylbutylamino]ethyl]-1 ,2-pyrrolidinedicarboxylic 
5 acid, 1-phenylmethyl ester (1 .25g) as an enantiomeric mixture from Intermediate 7 (5.90g). 



Intermediate 12 

10 1 ,2-Piperidinedicarboxylic acid, 1-phenytmethyl ester, 

A solution of N-benzyloxycarbonyl succinimide (12.29g) in acetone (50ml) was added to a solution of 
pipecolinic acid (10.0g) and sodium bicarbonate (6.5g) in a mixture of water (105ml) and acetone (50ml). 
After 24h the acetone was removed by evaporation and the residue was washed with diethyl ether (2 x 
50ml), then brought to pH2 with cone. HCI. The product was extracted into ethyl acetate (3 x 100ml) and the 

15 extract washed with water (100ml) and brine (100ml), dried and evaporated to leave an oil (14.78g). The 
ethereal wash was evaporated to dryness and the residue was taken up in water. After filtration the solution 
was brought to pH2 and extracted with ethyl acetate. The organic phase was extracted with 5% sodium 
bicarbonate solution (x4), the extract brought to pH2 with cone. HCL and the product extracted into ethyl 
acetate. The extract was washed with water and brine, dried and evaporated to leave an oil (3.28g). The two 

20 product fractions were combined and purified by CC eluting with System A (98:1:1) to give the title 
compound, (1 1 .34g) as a pale yellow oil, NMR (CDCI 3 ) 5 1 .25-2.4(6Hm), 3.0(1Hm). 4.1(1Ht), 5.05(1Hm), 5.15- 
(2Hq) t 7.35(5Hm), 9.75(1 Hm). 



25 Intermediate 13 

1 ,2-Piperidinedicarboxylic acid 1-phenylmethyl 2-(1,1-dimethyl)ethyl diester 

Intermediate 12 (0.53g), 4-dimethylaminopyridine (0.24g) and t-butanol (0.18g) were dissolved in 
dichloromethane (3ml) and cooled in ice. Dicyclohexylcarbodiimide (0.45g) in dichloromethane (3ml) was 

30 added. The mixture was warmed to room temperature and left for 18h, then filtered. The filter pad was 
washed with dichloromethane (10ml) and the combined organic phase was evaporated to leave an oily 
solid. Ethyl acetate (20ml) was added and the mixture was washed with 10% citric acid solution (3 x 10mi), 
water (2 x 10ml) and brine (20ml) then dried and evaporated. The residue was taken up in System B (9:1) 
(95ml) and the solution filtered and evaporated to leave an oil (0.62g) which was purified by CC eluting with 

35 System B (9:1) to give the title compound (0.50g) as an oil, NMR (CDCI 3 ) 5 1.4 and 1.43 (9Hs), 1.25(2Hm), 
1.65(3Hm), 2.2(1 Hm), 3.05(1 Hm). 4.05(1 Hm). 4.75(1 Hm), 5.05 & 5.2 & 5.15 (2H ABq) 7.35 (5Hm). 



Intermediate 14 

40 

(2R,S)-2'(2-Propenyl)-1,2-piperidined>carboxylic acid, 1-phenylmethyl 2-(1,1-dimethyl)ethyl diester 
A 2.4M solution of n-butyilithium in hexane (2.08ml) was added to a solution of hexamethyldisilazane 
(1.09mi) in dry THF (5ml) stirred at -35* under N2 over 3 min. The mixture was stirred for 5min at -35* 
before cooling to -70*. A solution of Intermediate 13 (1.6g) in THF (5ml) was added keeping the 

45 temperature below -65*. The mixture was stirred at -70* for 0.5h then 2-iodopropene (0.61ml) was added. 
The reaction was stirred at -70* for 1h, then at -40* for a further 2h then gradually warmed over ih to 0* . 
2M HCI (5ml) was added and the mixture brought to room temperature before adding diethyl ether (50ml) 
and water (100ml). The aqueous phase was extracted with ether (2 x 50ml) and the combined ethereaJ 
phase washed with water (100ml), dried and evaporated to leave a pale yellow oil (1.68g) which was purified 

so by CC eluting with System B (1:1) to give the title compound (L07g) as an oil which crystallised on 
standing mp. 60-62*. 



Intermediate 15 

55 

(2R > S)-2-(2-oxaethyl)-1,2-piperidinedicarboxylic acid, 1-phenylmethyl 2-(1.1-dimethyi)ethyl diester 
A solution of Intermediat 14 (1.0g) in dichloromethane (14ml) was cooled to -78 and ozone enriched 
oxygen passed through th solution until a blue colouration appeared after 20 min. After a further 10 mln 
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oxygen was passed through the solution to discharge the colour. The mixture was evaporated to leave an 
oil (1.35g) which was dissolved in dichloromethan (10ml) and triphenylphosphine (0.73g) was added. After 
a further in the solvent was removed by evaporation and the residue purified by CC eluting with System E 
to give the title compound (0.4g) as an oil which crystallised on standing mp. 54-57*. 

5 

Intermediate 16 

2-[(1 S)-2-[1 -(methoxycarbonyl)-3-methylbutylamino]ethyl]-(2R,S) -1 ,2-piperidinedicarboxylic acid. 1- 
10 P nenv Methyl 2-(1,1-dimethyl)ethyl diester ~" 
Leucine methyl ester hydrochloride (0.95g) was partitioned between 5% NaHCOs solution (50ml) and 
ethyl acetate (50ml). The aqueous phase was extracted with ethyl acetate (5 x 40ml), and the combined 
organic phase was dried and evaporated to give a mobile oil (0.62g) which was dissolved in dry THF 
(20ml). The solution was added to the aldehyde Intermediate 15 (0.63) and 4A molecular sieve (1.0g) 
rs added. After 2h a mixture of sodium borohydride (0.12) and methanol (6ml) was added and the reaction was 
left for 4h before filtering to removed the sieves which were washed with THF (20ml). The combined 
organic phase was concentrated by evaporation, diluted with diethyl ether (50ml) and water (50ml). The 
organic phase was washed with water (2 x 50ml), dried and separated to leave an oil (0.83g) which was 
purified by CC eltuing with System B (3:2) to give the title compound (0.56g) [a] D -15.0* (EtOAc, c = 1%). 

20 

Intermediate 17 

2-[(1 S)-2-[1 -(methoxycarbonyt)-3-methy lbutylamino]ethyl]-(2R)-1 ,2-piperidinedicarboxylic acid, 1-phenyl- 
25 methyl esterT ~ 

A solution of Intermediate 16 (2.6g) in TFA : H 2 0 (95 : 5, 60ml) at 0* was allowed to warm to room 
temperature and left for 4h. The solvent was removed by evaporation and the residue treated with 2M 
aqueous HCI in methanol. The solvents were removed by evaporation and the residue dissolved in 
methanol (40ml) and the solution evaporated to dryness to leave an oil which was again dissolved in 
30 methanol evaporated to leave an oil (3.22g) which was purified by extensive CC eluting with System C (9:1) 
to give the title comound (0.51 g) [a] D +15* (EtOAc c = 1 %). 



Intermediate 18 

35 

2-[(1 S)-2-[1 -(methoxycarbony l)-3-methy lbutylamino]ethy l]-(25)-1 ,2-piperidinedicarboxylic acid 1 -phenyl* 
methyl ester - 

Further elution of Intermediate 17 afforded the title compound (0.60g) [a] D -46* (EtOAc c = 1%). 

40 

Intermediate 19 

N 1 -[N-[(1,1-dime%iethoxy)c^ 4]nonan-7- 
yl)-pentanoic acid methyl ester 

45 A solution of the product in Example 6 (51 mg) and t-butoxycarbonylphenylalanine pentafluorophenyl 
ester (160mg) in DMF (1.7ml) was cooled in ice and triethylamine (28ul) was added. The mixture was 
warmed to room temperature and left for 48h. The reaction was cooled in ice and 4-(2-aminoethyl)- 
morpholine (25ul) was added. After 0.5h at 0*C the reaction was diluted with ethyl acetate (60ml) and 
washed with citric acid solution (3 x 20ml), 10% sodium carbonate solution (3 x 20ml), water (20ml) and 

so dried and evaporated to leave an oil which was purified by CC eluting with System F (1:1) to give the title 
compound as an oil, NMR (CDCI 3 ) 5 0.8-1 .0(6Hm), 1.7-1.5(1Hm), 1.4(9Hs), 1 .6-2.0(7Hm), 2.7(1 Hm), 2.75 : 
(1Hm), 2.95 and 3.06 (2Hm), 3.1 5(1 Hm), 3.44(1 Hm), 3.67(1 Ht), 3.75(3Hs). 4.58(1 Hm), 4.85 (1Hm), 5.52(1 Hd). 
7.25(5Hm). 

Similarly prepared :- 

55 

Intermediate 20 
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vll-pentanoic acid methyl ester (327mg) from the product of Example 5 (1.69g). NMR (CDC1 3 ) 6 0.9-1.0- 
(6Hm), 1.34(9 HiriWHrf0T.6>2.1 (7Hm), 2.7 (1Hm), 2.83(1 Hdd), 3.14(1Hdd), 3.18-3.35(2Hm), 3.75(3Hs), 
3.65-3.85 (2Hm), 4.62(1 Hm), 4.85(1 Hdd), 5.3(1 Hd), 7.23(5Hm). 



Intermediate 21 

NHN-[(lJ-dimethylethox^ 4]nonan- 
w 7-yl) pentanoic acid, methyl ester(55mg) from the. product of Example 4 (250mg) 

N^lCD^sWsTu^Hm), 1.44 (9Hs), 1.49(1Hm), 1 .65-2.2(7Hm), 2.64(1 Hm), 2.76(1 Hm), 2.93(1 Hdd), 
3.1(1 Hdd), 3.3-3.6(3Hm), 3.69(3Hs), 4.58(1 Hm), 4.86(1 Hm). 5.44(1 Hd), 7.25(5Hm), and 



75 Intermediate 22 

N 1 -[N-[(1,1-dimethylethox^ 4 1 nonan - 
7-yl)-pentanoic acid methyl ester (33mg) from the product of Example 4 (250mg) 

NMR (CDCI 3 ) 0:95^(6^)."T38(9Hs), ~1.4(1Hm), 1. 7-2.1 5(7Hm). 2.63 (1Hm), 2.86, (1Hdd). 3.08 
20 (1Hdd). 3.12(1Hm), 3.3-3.5(2Hm), -3.65(1Hm), 3.71(3Hs), 4.6(1Hm), 4.94(1Hm), 5.25(1Hd), 7.15-7.35(5Hm) 



Intermediate 23 

2 5 N 1 -[N-[(1 ,1 -dimethylethoxy )carbonyl>L-phenylalany l-L-pheny lalany l]-4-methy l-2S-(6-oxo-5S-1 ,7- 
diazaspiro[ 4.4]nonan-7-yl)-pentanoic acid methyl ester 

Intermediate 19 (142mg) was dissolved in 4M HCI in dioxan (5ml) and after 0.5h the solvent was 

removed by evaporation to leave an oil which was dissolved in diethyl ether (10ml) then evaporated to 
dryness. The residue was dissolved in dichloromethane (5ml) and diluted with hexane (50ml) to produce an 

30 oil. The solvents were decanted off and the oil dried in vacuo . Ether was added and the liquid evaporated to 
give a solid (84mg). The solid was added to a solution of t-butoxycarbonyl phenylalanine pentafluorophenyl 
ester (160mg) in DMF (1.7ml) cooled in ice then triethylamine (28ul) was added and the mixture was kept at 
0 # C for 2h. 4-<2-Aminoethyl) morpholine (25ul) was added and after 25min the mixture was diluted with 
ethyl acetate (30ml), washed with 10% citric acid solution (3 x 20ml). water (2 x 20ml) and 5% sodium 

35 bicarbonate solution (2 x 20ml), dried and evaporated to leave an oil which was purified by CC eluting with 
System B (1:1) then ethyl acetate to give the title compound (119mg). 



Intermediate 24 

40 

NHN-[N-[(1,1-dimethylethoxy)carbo^ 
(6 -oxo-5S-1,7-diazaspiro [4. 4]nonan-7-yl)-pentanoic acid methyl ester. 

Intermediate 23 (I14mg) was dissolved in 4MHCI in dioxan (5ml) and after 0.5h the solvent was 

removed by evaporation to leave an oil which was dried in vacuo then dissolved in diethyl ether (10ml). The 

45 solution was evaporated to leave a solid which was dried in vacuo (I02mg). The solid was dissolved in DMF 
(1.5ml) and t-butoxycarbonyl-5-aminopentanotc acid pentafluorophenyl ester (130mg) was added to the ice 
cold solution. Triethylamine (28ul) was added and the mixture kept at ice temperature for 2h before adding 
4-(2-aminoethyl)-morpholine (25ul). After a further 0.5h the mixture was diluted with ethyl acetate (40ml), 
washed with 10% citric acid solution (3 x 20ml), water (20ml) and 5% sodium bicarbonate solution (2 x 

50 20ml), dried and evaporated to leave an oil which was purified by CC eluting with ethyl acetate to give the 
title compound (1 10mg) as a froth. 



Intermediate 25 

NHN-[N-[Q,1-dimethylethox 
(6-oxo-5S-1.7-dia-zaspiro(4. 4]nonan-7-yl)pentoic acid. 

1M sodium hydroxide (289ul) was added to an ice-cold solution of Intermediate 24 (1 10mg) in methanol 
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(1.3ml). After 0.5h the reaction was warmed to room temperature and left for a further 6.5h. Acidification 
with 10% citric acid solution (1ml) and dilution with water (20ml) gave an oil that was extracted into ethyl 
acetate (3 x 20ml). The extract was dried and vaporated to leave the titl_ compound (106mg) as an oil. 



Example 1 

7-[(1 S)-(1-methoxycarbonyl)-3-methylbutyl]"6-oxO'(5$)-1 ,7-diazaspiro[4.4]nonane-1 -carboxylic acid, 
phenyimethyl ester 

Sodium cyanoborohydride (0.32g) was added to a solution of Intermediate 3 (1.47) and leucine methyl 
ester (0.77) in methanol (10ml) and the reaction was stirred at room temperature for 28h. The methanol was 
removed in vacuo and the residue purified by CC eluting with System C (9:1) to give a solid which was 
dissolved Tn chloroform (100ml) and left at room temperature for 72h. The solution was washed with 10% 
citric acid solution (x2), 10% Na 2 C0 3 solution (x2) and water (x1), dried and evaporated to leave an oil 
which was crystallised from diethyl ether to give the title compound (0.54) m.p. 1 10-1 12* , [a] D -12 (CHCIa 
c = 1%). 



Example 2 

7-[(l S)-(1 -methoxycarbony l)-3-methylbuty l]-6-oxo-(5R)-1 ,7-diazaspiro[4.4]nonane-1 -carboxylic acid 
phenyimethyl ester. ~~ 

Intermediate 8 (290mg) was dissolved in dichioromethane (10ml) and added to DCC (142mg) in 
dichloromethane (5mi). After 3h the mixture was filtered and the filter pad washed with dichioromethane 
(10ml). The filtrate and wash were combined and evaporated to leave an oil which was purified by CC 
eluting with System B (1: 2). The resultant product (323mg) was dissolved in diethyl ether (20ml) and 
cooled to 5° and filtered. The filtrate was evaporated to leave an oil which was further purified by CC 
eluting with System D (2:1) to give the title compound (0.27g) [a] D -37 # (CHCI 3 c = 1%) NMR (CDCb) 5 0.83 
and 0.98 (6Hm), 1.3 (1Hm), 1.5-2.3 (7Hm), 2.45 and 2.66 (1Hm), 3.3 (1Hm), 3.4(1 Hm), 3.63(2Hm), 3.7 and 
3.72 (3H s). 4.82 and 4.92 (1H m), 4.84 and 5.38 and 5.08 and 5.15 (2H m), 7.35 (5Hm). 



Example 3 

7-[(1 S)-(1 -methoxycarbonyl)-3-methylbutyl>6-oxo-(5S)-1 , 7-diazaspiro[4.4]nonane-1 -carboxylic acid 
phenyimethyl ester. 

A solutiorT"oT Intermediate 9 (210mg) in dichioromethane (10ml) was treated with 1-ethyi-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (97mg). After 3h the reaction was diluted with diethyl 
ether (50ml) and washed with water (2 x 20ml), dried and evaporated to leave an oil which crystallised on 
the addition of diethyl ether (5ml). The ether was removed in vacuo and the solid dried in vacuo (199mg). 
The solid was recrystallised from diethyl ether to give the title compound (131mg) m.p. 111-113 C, [a] 0 • 
8" (CHCI 3 c = 1%). 

Similarly prepared :- 



Example 4 

7-[(1 S)-(1 -methoxycarbonyl)-3-methylbutyl]-6-oxo-(5R)-1 ,7-diazaspiro[4.4]nonane-1 -carboxylic acid, V 
phenyimethyl ester and 7-[(1 R)-(1 -methoxycarbony l)-3-methylbutylh6-oxo-(5S)-1 ,7-dia2aspiro[4.4jnonane-1- 
carboxylic acid, 1 -phenyimethyl ester (3.5g) as an enantiomeric mixture from Intermediate 10 (3.75g). 



Example 5 

7-[(1 S)-(1 -mefroxycarbonyl)-3-methylbutyl]-6-oxo-(5SH ,7-diazaspiro[4 .4]nonane-1 -carboxylic acid, 1^ 
phenyimethy l ester and 7-[(1R)-(1-methoxycarbonyi)-3-methylbutyl]-6-oxo-(5R)-1 > 7-diazaspiro[4. 4]nonane-1- 
carboxylic acid, 1 -phenyimethyl est r (1.10g), m.p. 105-107 , as an enantiomeric mixture from Intermediate 
11 (1.25g). 



17 



EP 0 360 390 A1 



Example 6 

4-methyl-2-(2S)-[(5S)-6-oxo-1 ,7-diazaspiro[4. 4]nonan-7-yl]-pentanoic acid methyl ester 
A solution of the protected spiro derivative, Example 1, (2.1 7g) in methanol (150ml) containing HCI 
5 (from 1.2ml acetyl chloride) was hydrogenated over 10% Pd-C catalyst (0.35g) for 3h. The catalyst was 

removed by filtration, the filtrate was concentrated, diluted with diethyl ether and evaporated to dryness. 

The sticky solid (1.62g) was recrystallised from ethyl acetate to give the title compound (0.73g) m.p. 186- 

189", [a] D -14* (CHCI 3 c«1%). 

70 

Example 7 

7-[(1 S)-(1 -methoxycarbonyl)-3-methy Ibuty l]-6-oxo-(5S)-1 ,7Hjiazaspiro[4, 4]nonane-1 -carboxy lie acid, 
(l,1-dimethyl)ethyl ester ~~ 

15 A solution of the amine, Example 6 (720mg) in dioxan (20ml) was stirred with NaHC0 3 (500mg) in water 
(50mi). Di-t-butyl pyrocarbonate (1.1g) in dioxan (30ml) was added and after 24h the mixture was diluted 
with water (200ml) and extracted with diethyl ether (3 x 50ml). The extract was dried and evaporated to 
leave an oil which was purified by CC eluting with System B (1:1) and crystallised from hexane to give the 
title compound (748mg) m.p. 87-88* , NMR (CDCI3) 5 0.9-1.0 (6Hm), 1.35 (1Hm). 1.39 and 1.44 (9Hs), 1.5- 

20 2.1 (7H m), 2.53 and 2.7 (1Hm), 3.14 (1Hm) f 3.45-3.65 (3Hm), 3.68 and 3.74 (3Hs), 4.84 and 4.94 (1Hm). 



Example 8 

25 7-[(1 S)-(1 -carboxy )-3-methy Ibuty l]-6-oxo-(5S)-1 ,7-diazaspiro[4, 4]nonane-1 -carboxylic acid (1,1- 
dimethyl)ethyt ester 

A solution of the methyl ester, Example 7 (709mg) in methanol (10ml) was cooled in ice and 1M NaOH 
solution (3.85ml) was added. After 0.5h the mixture was warmed to RT and left for 2.5h. The reaction was 
brought to pH3 with 10% citric acid solution, diluted with water (10ml) and extracted with diethyl ether (2 x 
30 50ml). The extract was dried and evaporated to leave a froth (692mg) which was crystallised from diethyl 
ether to give the title compound (462mg) mp. 187-189* , [a] D -47* (CHCb c = 1%). 



Example 9 

35 — ~ 

4-methy l-2S-[1 -[(fluoren-9-yl)methoxycarbonyl]-6-oxo-5S-1 ,7-diazaspiro[4. 4]nonan-7-yl]-pentanoic acid 
1M Sodium hydroxide solution (3ml) was added to an ice-cold solution of Example 6 (305mg) in 
methanol (10ml). The mixture was kept at 5* for 18h then neutralised with 2M HCI solution (1ml). The 
mixture was evaporated to low bulk then sodium carbonate (212mg) was added followed by a solution of 
40 fiuorenylmethoxycarbonyl succinimide (353mg) in acetone (10ml). Water (7ml) was added and the mixture 
was left at room temperature for 2.5h t then brought to pH3 with 10% citric acid solution and diluted with 
water. The product was extracted into dichloromethane (3 x 70ml) and the extract evaporated to leave a 
solid (484mg) which was stirred with ethyl acetate (50ml) for 1h then collected by filtration, washed with 
ethyl acetate and dried to give the title compound (341 mg) mp. 197-198* , [a] D -40* (CHCIa c = 1%). 

45 

Example 10 

4-methyl-2S-[1-{(fluoren-9-yl)methoxycarbonyl]-6-oxo-5S-1,7-dia2aspiro[4. 4]nonan-7-yl>pentanoic acid, 
so pentafluorophenyl ester 

A partial suspension of Example 9 (565mg) in dioxan (20ml) was stirred for 3h at room temperature with 
pentafluorophenol (218mg) and DCC (245mg) and left at 5* for 72h. The mixture was filtered and the pad 
washed with ethyl acetate (20ml). The combined organic phase was evaporated to leave a solid which was 
dried in vacuo , dissolved in ethyl acetate and refrigerated. The mixture was filtered and the filtrate diluted 
55 with three volumes of hexane to give the title compound (647mg) as a solid, mp. 176-177", [a] D -24* 
(CHCI 3 c = 1%). 



18 



EP 0 360 390 A1 



Example 1 1 

8-[(1 S)-(1 -methoxycarbony l)-3-methylbutyll-7-oxo-(6R)-1 ,8-diazaspiro(5. 4]decane-1-carboxylic acid V 
phenylmethyl ester. r "~~ 

A solution of intermediate 18 (0.52g) in dichloromethane (50mi) was treated with 1 -ethyl-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (250mg). After 3h the solvent was removed by evapora- 
tion and the residue dissolved in ethyl acetate (25ml). The solution was washed with 10% citric acid solution 
(3 x 25ml), water (2 x 25ml) and brine (30ml), dried and evaporated to leave the title compound (0.46g) as 
an oil which crystallised on standing mp. 71-73* C, [a] D -40* (MeOH c = 1.0%). 



Example 1 2 

8-[(1 S)-(1 -methoxycarbony l)-3-methylbutyl]-7-oxo-(6S)-1 ,8-diazaspiro[5.4]decane-1 -carboxylic acid 1- 
/5 phenylmethyl ester. 

The amino acid Intermediate 16 (0.55g) was dissolved in dichloromethane (50ml) and 1-ethyl-3-(3- 
dimethylaminopropyl) carbodiimide hydrochloride (0.27g) was added. After 3.5h the solution was washed 
with 10% citric acid solution (2 x 25ml), water (2 x 25ml) and dried. Evaporation gave an oil which 
crystallised on the addition of diethyl ether. The ether was removed to give the title compound (0.35g) as a 
20 solid mp. 99-100* C. [a] D -8 # (MeOHc = 1%). 



Example 13 

4-methyl 2-(2S)-[(6S)-7-oxo-1,8-dia2aspiro[5.4]decan-8-yl]-pentanoic acid, methyl ester. 

A solution of the spiro derivative Example 12 (0.21 g) in methanol (60ml) containing HCI (from 150ul 
acetyl chloride) was hydrogenated over 10% Pd-C (150mg) for 2h. The catalyst was removed by filtration 
and washed with methanol (30ml). The combined organic phase was evaporated to dryness and the residue 
dissolved in ethyl acetate (60ml) and methanoM6m!) and filtered. The filtrate was evaporated to leave the 
title compound (0.1 5g) as a solid mp. 165-168C* , [a] D -36* (MeOH c = 1%). 



Example 14 

35 N-[N 1 -[N-(5-aminopentanoy l)-L-pheny lalany l-L-pheny lalany l]-4-methy 1-1 -oxo-2S-(6-oxo-5$-1 ,7- 
diazaspiro[4. 4]nonan-7-yl)-pentyl]-L-tryptophanamide. 

The product of Intermediate 25 (70mg) and L-tryptophanamide hydrochloride (27mg) were dissolved in 
DMF (1ml) and cooled in ice. 1-hydroxybenzotriazoie (13mg), triethylamine (13ul) and DCC (20mg) were 
added. After 5 days more DCC (20mg), 1-hydroxybenzotriazole (13mg), tryptophanamide hydrochloride 

40 (27mg) and triethylamine (13nl) were added. After a further 3 days the reaction was diluted with ethyl 
acetate (15ml), filtered and washed with 10% citric acid solution (x3), 10% sodium carbonate solution (x3), 
water and brine, dried and evaporated to leave a froth (81 mg). The froth was dissolved in 1.5M HCI in acetic 
acid and the solution was left for 1h. The solvents were removed by evaporation In vacuo to give a white 
solid (82mg) which was purified by preparative h.p.l.c. using gradient elution of systems G and H to give the 

45 title compound (65mg). 99% pure by h.p.l.c. MH + 833. 
Similarly prepared:- 



Example 15 

50 

N-[N , -[N-(5-aminopentanoyl)-L-phenylalanyl-L-phenylalanyl1-4-methyi-1-oxo-2S-(6-oxo-5S-1,7- 
diazaspiro[4.4]nonan-7-yl]pentyl]-L-methionamide, MH+ 778, 99% pure by h.p.l.c. 



55 Example 16 

N- [N 1 -[N-(5-aminop ntanoyl)-L-phenylalanyl-L-phenytalanyl3-4-methyH -oxo-2R-(6-oxo-5S-1 ,7- 
diazaspiro[4.4]nonan-7-yl)pentyl3-L-methionamide, MH+ 778, 100% pure by h.p.l.c. ~^ 
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Example 17 

N-[N*-[N-(5-aminopentanoyl)-L-pte^ 
diazaspiro[4.4]nonan-7«yl]pentyl]-D-methionamide, MH + 778, 99% pure by h.p.l.c. 



Example 18 

N-[N 1 -[N-(5-aminorjrentanoyl^ 
diazaspiro[4.4]nonan-7-yl)pentyl]-L-phenylalanamide, MH + 794, 97.6% pure by h.p.l.c. 



Example 19 

N-[N 1 -[N-(5-aminopentanoyl)-L-phen^^ 
diazaspiro[4.4]nonan-7-yl)pentyi]-L-homo-phenylalanamide, MH+ 808, 100% pure by h.p.l.c. 



Example 20 

N-tN^tN^S-aminopentanoyO-L-phenyialanyhL-phenylalanyl^methyl-l-oxo^S-tS-oxo-SS-IJ 
dia2aspiro[4.4]nonan-7-y!)pentyl]-L-cyclohexylalanamlde, MH + 800, 99.8% pure by h.p.l.c. 



Example 21 

N-[N 1 -[N-(5-aminopentanoy()-L^ 
diazasp}ro[4.4]nonan-7-yl)pentyl)-25-2-amino-4-methylpentan-1-ol, MH+ 747, 95.5% pure by h.p.l.c. 



Example 22 

N-[N 1 -[pyroglutamyl-L-phenyla^ 
nonan-7-yl)pentyl]-L-methionamide, MH + 790, 99% pure by h.p.l.c. ™" — — -~ 



Example 23 

N-[N 1 -[N-(5-aminopentanoyl)-L-phenylalanyl-L'phenylalanyl] 4-m ethyl- 1-oxo- 2S-(7-oxo-6S-1 ,8- 
dia2aspiro[5.4]decan-8-yl)pentylhL-methionamide, MH+ 792, 100% pure by h.p.l.c. 



Example 24 

N-[N , -{N-(5-aminopentanoyl)-L'phenylalanyl-L»phenylalanyl>4-methyi'1>oxO'2S-(6'Oxo-5R-1,7' 
diazaspiro[4.4]nonan-7-yl)pentyl]-L-methionamide, MH + 778, 98% pure by h.p.l.c. 



Example 25 

N-jNHL-Arginyl-L-prolyl-L-ly^ 

methyl-1 -oxo-2S-(6-oxo-5S-1 ,7-diazaspiro[4. 4]nonan»7-yl)-pentyl]-L-tryptophanamide. 

Kieselguhr supported polydimethylacrylamide resin (0.09mmol/g loading, 1.5g) was treated with 
ethylenediamine for 18h at room temperature in a continuous flow synthesiser. The resin was washed with 
DMF, 10% DEA in DMF then DMF and th resulting resin-bound amine was acylated with Fmoc-norleucine 
pentafluorophenyl ester (0.1 4g) in the presence of DHBT (0.04g) in DMF over SOmin. Th resin was wash d 
with DMF, th resin-bound norleucine deprotected with 20% piperidine in DMF and th resin was again 
washed with DMF. p-Hydroxym thyl b nzoic acid pentafluoroph nyl ester (0.09g) and DHBT (0.041 g) in 
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DMF were reacted with the resin-bound norleucine over 18h followed by a resin wash with DMF, 10% DEA 
in DMF and finally DMF. The functionalised resin was acylated with Fmoc-tryptophan symmetrical 
anhydride (0.23g) in DMF using 4-dimethylaminopyridine (0.032g) as catalyst over 50min. This acylation 
was repeated using fresh reagents for a further 50min then th resin was washed with DMF. After 

5 deprotectlon with 20% piperidine in DMF and a DMF wash, th resin-bound tryptophan was acylated in 
DMF with the product from Example 10 (0.1 7g) for 50min. The resin was washed with DMF and the usual 
deprotection/wash sequence was performed, followed by acylation with Fmoc-phenylalanine symmetrical 
anhydride (0.21 g) in DMF for 50min then finally a DMF wash. The resin-bound peptide was deprotected and 
washed, then reacted with Fmoc-phenylalanine pentafluorophenyl ester (0.1 5g) and DHBT (0.04g) in DMF 

w and finally washed with DMF. This cycle was repeated using the following Fmoc-amino acid pen- 
tafluorophenyl esters for acylations:- glycine (0.14g), glycine (0.144g) ( proline (0.14g). lysine (Boc) (0.17g) 
and proline (0.1 4g). The resin-bound peptide was deprotected, washed with DMF then reacted with N a -t- 
butoxycarbonylarginine hydrochloride symmetrical anhydride (0.34g) for 25 mins in DMF. The acylation was 
repeated using fresh reagents for a further 25 min. the resin washed with DMF and a final acylation with 

75 fresh reagents for 1h performed. The resin was washed with DMF, shrunk with diethyl ether and dried in 
vacuo to give the fully functionalised resin (1.74g). The peptide was cleaved from the resin over 18h with 
liquid ammonia in the presence of acetic acid (120uU) using a pressure vessel charged to 7 bar. Methanol 
(30ml) was added to the cooled (-70 *C) mixture and the resin was removed by filtration and washed with 
methanol (20ml). The combined organic phase was evaporated to leave a solid (0.374g) which was 

20 dissolved in 1.5M HCI in acetic acid. After 1h the solvent was removed by evaporation, the residue taken up 
in water (5ml), and the solution was freeze-dried. The solid (0.26g) was purified by preparative h.p.l.c. by 
gradient elution using Systems G and H to give the title compound (0.1 3g). MH+ 1468 99% pure peptide 
by h.p.l.c. 

Similarly prepared:- 

25 

Example 26 

N-[N 1 -[L-prolyl-L-glutaminy^ 
30 1,7-diazaspiro[4. 4]nonan -7-yl)pentyl]-L-rnethionarnide, MH 1032, 99% pure by h.p.l.c. "~ "~ 



Example 27 

N-tN^L-arginyl-L-prolyl-L-lysyl^ 
methyl-1-oxo-2S-(6-oxo-5S- 1 ,7-diazaspiro[4. 4]nonan-7-yl)pentyl]-L-methionamide, MH 1413, 97% pure by 

h.p.l.c. 



40 Example 28 

N-[N 1 -[L-pyroglutamyl-L-prolyl-L-aspartyl-L-prolyl-L-asparagyl-L-alanyl-L-phenylalanyl-L-^ 
methyl-1-oxo-2S-(6-oxo-5S-1,7-diazaspiro[4. 4]nonan-7-yl)pentyl]-L-tryptophanamide, MH' 1355, 99% pure 
by h.p.l.c. "™™ 

45 

Example 29 

N-[N 1 -[L-pyroglutamyl-L-prolyl-L-aspaty 
so phenylalanyl}-4-methyl-1-oxo-2S-(6-oxo-5S-l,7-diazaspiro(4.4]nonan-7-yl)pentyll-L-tryptophanamide, MH + 

1410, 100% pure by h.p.l.c. 



Example 30 

N-[N 1 -[L-pyroglutamyl-L-alanyl-L-aspartyl-L-prolyl-L-asparaginyl-L-lysyl-L-phenylalanyl-L-ty 
methyl-1-oxo-2S-(6-oxo-5S-1, 7-diazaspiro[4. 4]nonan-7-yl)pentyl]-L-tryptophanamide, MH* 1386, 99% pure 
by h.p.l.c. ~" 
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Example 31 

N-tNHL-pyroglutamyl-L-alanyK^ 
methylo-oxch2S-(6-oxo"5S'17'diazaspiro[4,4lnonan'7-yl)penty<]-L-tryptophanamide t MH 1385, 1 peak by 
h.p.l.c. 



Example 32 

N-[NHL-pyroglutamyl-L-proJyl-L-a^^ 
methyl-1-oxo-2S-(6-oxo-5S-17<1iaza$piro[4.4]nonan-7'yl)pentyl]-L-tryptophanamide, MH 1412, 97% pure 
by b.p.Lc. 

Example 33 

N-[N 1 -[L-pyroglutamyl-L-a!anyK^ 
methyl-1-oxo»2S>(6-oxo-5SO,7Kiiazaspiro[4,4]nonan-7'yl)penty)>L'tryptophanamide, MH 1386, 99% pure 
by h.p.l.c. 

Example 34 

N-tN^L-pyrogtutamyl-L-alanyl-L^ 

methyl-l^xo^S^e-oxo'SS'lJ^liazaspiro^^lnonan^yOpentylhL-tryptophanamide, MH 1388, 96% pure 
by h.p.l.c. 

Example 35 

N-(N 1 HL-phenylalanyl«L-phenylalanyl>4-methyl-1-oxo-2S-(6»oxc-5$'1,7-diazaspiro(4.4lnonan»7«yl)- 
pentyl]-L-tryptophanamide, MH 734, 87% pure by h.p.l.c. 



Example 36 

N-[T£-[L-g^^ 

diazasplro[4.4]nonan-7«yl)pentyl]-L-tryptophanamlde, MH 991 , 78% pure by h.p.l.c. 



Example 37 

N-tNHL-lysyl-L-prolyl-L-glutam 
OXO-5S-1 ,7>diazaspiro[4.4]nonan-7-yl)per>tyl]-L'tryptophanamide, MH 1216, 71% pure by h.p.l.c. 



Example 38 

N-tNHL-phenylalanyl^methyH^x^ 
tryptophanamide, MH 587, 80% pure by h.p.l.c. 

~~ According to the general methods described above the following compounds were prepared :- 



Example 39 

N-tN^tN^l.lHdimethylethoxy^bonyll-L'lysyl'L'phenylalanyl-L-tyrosytl-^m thyH -oxo-2$-(6-oxo-5S- 
1 > 7'dia2aspiro[4.4]nonan-7'yl)pentylhL-tryptophanamid , trifluoroacetate salt, MH + (T.O.F.) <T.O.F. = time of 
flight) 978, 95% pur by h.p.l.c. 
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Exampl 40 

N-tNMN-fccetylK-lysyl-L-phen^ 
nonan-7-yl)pentyl]-L-tryptophanamide, trifluoroacetate salt, MH (T.O.F.) (T.O.F, = time of flight) 919.7, 95% 

5 pure by h.p.l.c. 



Example 41_ 

N-[N Hl-tyrosyl-L-phenylalanyl-L-tyrosylH^ 
pentyl]-L-tryptophanamide, trifluoroacetate salt, MH (T.O.F.) (T.O.F. = time of flight) 884, 99% pure by 
h.p.l.c. 



75 Example 42 

N-[N 1 -[N-(1,1<iimethy)ethoxy)cai^ 
2S-(6-oxo-5S-1,7-diazaspiro[4.4lnonari-7-yl)pentyl]-L-tryptophanamicle, MH 1106, 96% pure by h.p.l.c. 

20 

Example 43 

N-[N 1 -[pyroglutamyl-L-prolyl-L-lysyl^^ 
methyl-Voxo-2S-(6-oxo-5S-1 t 7-dia2aspiro[4.4]nonan>7'yl)pentyi>L-tryptophanamide, MH (T.O.F.) 

25 (T.O.F. = time of flight) 1424, 97% pure by h.p.l.c. 



Claims 

30 1 . Spirolactam derivatives of general formulae (la) or (lb) 

i i/ (CH >'„— x . , 

35 R-N r . . ,N-CH-C0 2 R (la) 



(S)'.. 



a 

o 



40 



45 



SO 



55 



(CM 2 ) 



m\ 

(CH,) 




I I/ n \ * 

R-N 7 .\ N-CH-COjR 1 „ . 

(R). / I, 2 (lb) 

I 

0 



wherein 

R represents a hydrogen atom or a conventional nitrogen protecting group; 

R 1 represents a hydrogen atom or a conventional carboxyl protecting group or activating group; 

R 2 represents the side chain of any naturally occurring amino acid; 

m represents 1 or 2; 
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n representss 1 or 2; 

the configuration at " may be (R) or (S) or a mixture thereof; with the proviso that when R represents the 
nitrogen protecting group R 3 -C0(0)- (where R 3 represents (CHa^O), the group -C02R 1 represents the 
protected carboxy group -CO2CH3, m is 1 and n is 1 in the compounds of formula (lb); R 2 may not 
5 represent an arylmethyl group; 

and solvates or acid addition salts thereof. 

2. Compounds of formula (la) as claimed in claim 1 wherein R, R 1 , R 2 m and n are as defined in claim 

1. 

3. Compounds according to claim 1 or claim 2 wherein n and m are both 1 . 

70 4. Compounds according to any of claims 1 to 3 wherein R 2 is -Chk-CHfCHafe. 

5. Compounds according to any one of claims 1 to 4 wherein, when R is a nitrogen protecting group. R 
is selected from an acyl group, optionally substituted, or a group R 3 -OC(0)- in which R 3 represents 
CI3CCH2 or (CH 3 ) 3 or 

'5 CI 

/ 



20 



25 



35 



40 



50 



55 



// w 

C 6 H 5 CH 2 -, C] — • f—ZUl- or t j H . 



/A A A\ 

• • • • 

• • • • 

w / \ // 



6. Compounds according to any one of claims 1 to 5 wherein when R 1 is a carboxyl protecting group, 
R 1 is selected from a methyl, ethyl, tertbutyl, methoxy methyl, benzyl, diphenylmethyl, tripheny [methyl or a 
p-nitrobenzyl group. 

30 7. Compounds according to any one of claims 1 to 5 wherein when R 1 represents a carboxyl activating 
group, R 1 is either a N-hydroxybenzotriazole or pentafluorophenyl group. 
8. Spirolactam derivatives of general formula (XI) 



,(CH 2 ) 



m\ 



I I / 2 n \ * 

R S_N \, N-CH-COR 6 (XI) 




wherein 

R 2 n and m are as defined in claim 1; 
45 the configuration at * is as defined in claim 1 ; 

R s represents a peptide chain, optionally protected at the N-terminal residue, consisting of 2 to 8 amino 

acid units chosen from L-phenylalanine, D-phenylalanine, L-proline, L-glutamine, L-arginine, L-lysine, l- 

threonine, L-histidine, L-asparagine, L-methionine, D-methionine, L-aianine, L-serine, L-tyrosine, L- 
pyroglutamic acid, L-aspartic acid, 



CH 2 -Q CH 2 CH 2 -Q 
NH 2 -CHC0 2 H # m z -(CH 2 ) k C0 2 H, or NH 2 CHC0 2 H; 

R 6 represents an amino acid amide chosen from L-methionyl, D-methionyl, L-phenylalanyl or L-tryptophyl 
amides, optionally substituted on the amide nitrogen by the group -CH2CH2NH2; or the groups 
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CH 2 "0 CH 2 CH 2 

/ I 
-NH-CH-CONH 2 , -NH-CH-CONH 2 , -NH-CHCHCH 2 CONH 2 ; 



10 



25 



30 



35 



40 



or R s represents the group 



45 



SO 



•s 



-NH-CHCH 2 OH ; 



and solvates and acid addition salts thereof. 

9. A pharmaceutical composition comprising a compound of formula (XI) as defined in claim 8 or a 
physiologically acceptable salt thereof in admixture with a pharmaceutical^ acceptable carrier, diluent or 

rs excipient 

10. Use of a compound of formula (XI) as defined in claim 8 or a physiologically acceptable salt thereof 
in the preparation of a medicament having substance P antagonist activity. 

11. Use of a compound of formula (la) as defined jn claim 1 or claim 2 in the preparation of a 
compound of formula (XI) as defined in claim 8. 

20 12. Use of a compound of formula (lb) as defined in claim 1 in the preparation of a compound having 
substance P agonist activity. 



65 
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